The present investigation was undertaken to evaluate the therapeutic efficacy and safety of Crominex 3+ (a complex of trivalent chromium, Phyllanthus emblica (Amla) extract and purified Shilajit) in moderately arthritic dogs. Eleven client-owned moderately arthritic dogs in a randomized double-blinded study received placebo or Crominex 3+ twice daily for a period of 150 days. On a monthly basis, each dog was evaluated for arthritis associated pain (overall pain, pain upon limb manipulation and pain after physical exertion) and a full physical exam (body weight, body temperature and heart rate). At the same time intervals, dogs serum samples were examined for biomarkers of kidney (BUN and creatinine), liver (bilirubin, ALT and AST) and heart and skeletal muscle (CK) functions. Findings of this investigation revealed that dogs receiving Crominex 3+ (1000 µg chromium, 15 mg Amla extract and 15 mg purified Shilajit per day in two divided doses) exhibited a significant (P<0.05) reduction in arthritic pain noted as early as after 90 days with a maximum reduction after 150 days of treatment. Pain level remained the same or slightly increased in the dogs receiving placebo. No significant change occurred in physical parameters or serum biomarkers in dogs on placebo or Crominex 3+, which suggested that Crominex 3+ was well tolerated by arthritic dogs. In conclusion, Crominex 3+ significantly (P<0.05) ameliorated arthritic pain and improved quality of life without causing any untoward effects in moderately arthritic dogs. [3] [4] [5] . OA is an inflammatory joint disease characterized by chronic and progressive cartilage degeneration, osteophyte formation, subchondral sclerosis, hypertrophy of bone at the margins and changes in the synovial membrane, which eventually results in decreased stability, movement, loading, stiffness of joints, lameness and pain [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] .
Currently, among various nutraceuticals, glucosamine and chondroitin are the two most commonly used supplements, which provide building blocks and hydration to repair the cartilage and to minimize and slow down the progression of OA to ease inflammatory pain and discomfort [33, 34, [44] [45] [46] [47] . In a recent study, Lawley et al. [23] reported that daily administration of purified Shilajit (500 mg, bid) for a period of five months provided anti-inflammatory and anti-arthritic effects in moderately arthritic dogs without producing any untoward events.
The present investigation evaluated the therapeutic efficacy, safety and tolerability of a novel and promising product Crominex 3+ (a complex of trivalent chromium, Phyllanthus emblica (Amla) extract and a low dose of purified Shilajit) in moderately arthritic dogs. Trivalent chromium exerts analgesic, anti-hyperglycemic, anti-oxidative and anti-inflammatory effects. Phyllanthus emblica extract has been used to treat a variety of ailments in humans for centuries. The extract is known to have high concentrations of low molecular weight hydrolyzable tannoids comprising ascorbic acid, ellagic acid, gallic acid, kaempferol, tannins and other polyphenols, thereby exerting antioxidant and anti-inflammatory properties. Shilajit is a blackish brown exudate from the sedimentary rocks of the pristine Himalayan Mountains at an altitude of about 10,000 feet. Purified Shilajit is prepared from this exudate by a proprietary extraction process. The main constituents of Shilajit are dibenzo-α-pyrones (DBPs), DBP-chromoproteins and fulvic acids with DBP core. Shilajit also has antioxidant and anti-inflammatory properties. Crominex 3+ appears to be a unique formula that offers significant antioxidant, anti-inflammatory and anti-arthritic effects without eliciting any untoward events in arthritic dogs.
Methods

Animals
A total of 11 client-owned moderately arthritic dogs, weighing between 19 and 31.8 kg (41.8 to 70 pounds), were used in this investigation. Based on signs of joint stiffness, lameness and radiographic evidence, these dogs had pain at the level of moderate arthritis. Our inclusion criteria of dogs for this study excluded those having liver, kidney, or heart disease, neoplasia or any other serious disease. Although, throughout the study, dogs remained with their owners, Institutional Animal Care and Use Committee (IACUC) approval and owner consents were obtained before initiation of this investigation.
Supplement
Crominex 3+ (a complex of trivalent chromium, Phyllanthus emblica extract, and purified Shilajit) capsules and matching placebo capsules were provided by Natreon Inc (New Brunswick, NJ, USA). Each capsule of Crominex 3+ (25mg) contained 500µg of trivalent chromium, 7.5 mg Phyllanthus emblica (Amla) extract, and 7.5 mg purified Shilajit.
Experimental design
In a randomized double-blinded study, eleven client-owned dogs received placebo (Group-I) or Crominex 3+ (Group-II). The placebo group contained only two dogs because IACUC advised us to keep to a minimum number of dogs due to the fact that arthritic dogs suffer from inflammation and pain for a period of five months. Moreover, findings of our previous studies revealed that dogs receiving placebo showed no improvement in arthritis pain [19] [20] [21] [22] [23] . Nine dogs in Group-II received Crominex 3+ (500µg of trivalent chromium, 7.5 mg Phyllanthus emblica extract, and 7.5 mg purified Shilajit) twice daily (one capsule before morning meal and one capsule before evening meal) for a period of five months. All capsules (placebo and Crominex 3+) looked alike (white in color and without any labeling) to maintain the standard of double-blinded study. None of the dogs received any treatment or supplement for 3-4 weeks before the study or during the study period.
Pain measurement
On a monthly basis, each dog was evaluated for arthritis associated pain (overall pain, pain upon limb manipulation and pain after physical exertion), using a glassgow scoring system, for a period of five months. Overall pain, on a scale of 0-10, was graded as: 0, no pain; 2.5, mild pain; 5, moderate pain; 7.5, severe pain; and 10, severe and constant pain. Overall pain is measured on a scale of 0-10 because it provides a broad range for inclusion of daily activity. Pain after limb manipulation, on a scale of 0-4, was evaluated as: 0, no pain; 1, mild pain; 2, moderate pain; 3, severe pain; and 4, severe and constant pain. Pain after physical exertion, on a disease modifying agents and physical therapy with acupuncture have been used [19] [20] [21] [22] [23] [31] [32] [33] [34] [35] . In the recent past, to manage OA in canine patients, most veterinarians have commonly used cyclooxygenase (COX) inhibiting non-steroidal anti-inflammatory drugs (NSAIDS), such as deracoxib, etodolac, carprofen, firocoxib, ketoprofen, meloxicam, rofecoxib, tepoxalin and others [36, 37] . Unfortunately, chronic use of some of these NSAIDS has been linked to adverse events, including reduced appetite, vomiting, gastrointestinal bleeding and hepatic and renal dysfunction [32, 36, [38] [39] [40] [41] [42] . In a most recent placebo-controlled blinded prospective study, Monteiro-Steagall et al. [37] reported that the incidence of adverse effects was statistically insignificant between treated and control dogs. Due to these concerns, dog owners and veterinarians have considered managing OA associated inflammation and pain in canine patients with nutraceuticals, herbs and other disease modifying agents which have minimal or no side effects [43] . Journal of Veterinary Science & Animal Husbandry 
Serum biomarkers assays
On a monthly basis, blood samples were collected from the cephalic vein using a 3 mL syringe and 22 gauge needle in marble top tubes. Following centrifugation, serum samples were separated from the clot and analyzed for kidney (BUN and creatinine), liver (bilirubin, ALT, AST) and heart and skeletal muscle (CK) functions, using Beckman AU 480 serum analyzer. Analysis of serum samples for these biomarkers indicated that neither placebo nor Crominex 3+ produced adverse effects in vital organs of arthritic dogs. Normal reference values of all serum biomarkers are provided in Table 2 .
given a full physical exam as recently described by Lawley et al. [23] . In brief, the examination of each limb started with the forelimbs and ended with the rear limbs. The evaluation focused on manipulation of the limbs in a forward, backward and circular motion. The three main joints evaluated were shoulder joint, knee joint, and stifle joint. Each canine was also evaluated for popping and cracking of the joint as well as vocalization due to pain. Detailed criteria of the measurement of pain are provided in our previous publications [19] [20] [21] [22] [23] . The present investigation was carried out on moderately arthritic dogs. A dog is considered moderately arthritic when exhibiting overall pain about 5 on the scale of 0-10; pain after limb manipulation about 2 on the scale of 0-4; and pain after physical exertion about 2 on the scale of 0-4.
Physical examination
Dogs were given a full physical examination on a monthly basis for body weight, body temperature, and heart rate. Normal values of body temperature and heart rate are provided in Table 1 . We were unable to measure respiratory rate because of panting during examination. 
Statistical analysis
The data presented are means ± SEM. Statistical significance of difference was determined by analysis of variance coupled with Tukey-Kramer test (P<0.05) using the NCSS9 Statistical Analysis and Graphics Software for windows.
Results
The dogs receiving Crominex 3+ exhibited a significant (P<0.05) reduction in overall pain, pain after limb manipulation, and pain after physical exertion on days 90, 120 and 150 (Figures 1-3) . Overall pain in Crominex 3+ treated dogs was reduced from 6.00±0.50 observed on day 0 to 3.11±0.31 on day 90 and 1.55±0.18 on day 150 (Figure 1 ). The level of overall pain in dogs receiving placebo remained unchanged throughout the study period. Pain from limb manipulation was graded on a scale of 0-4 (0, no pain; 1, mild pain; 2, moderate pain; 3, severe pain; and 4, severe and constant pain). Details of pain measurement criteria are described in the text and our previous publications [19] [20] [21] [22] [23] .
For the measurement of pain upon limb manipulation, each limb of the dog was examined in lateral recumbency for body posture, flexibility, joint integrity, crepitance and vocalization.The pain level was significantly (P<0.05) reduced by day 90 (1.58±0.17) with a maximum reduction on day 150 (0.78±0.08) compared to day 0 (2.50±0.14) in Crominex 3+ treated dogs (Figure 2 ). Dogs receiving placebo showed no significant change in pain level (P>0.05). Journal of Veterinary Science & Animal Husbandry On a monthly basis, dogs were evaluated for pain after physical exertion based on observations such as lameness during or after exertion, body position, flexibility, joint integrity, crepitance and vocalization. Figure 3 shows that the pain after physical exertion was significantly reduced in Crominex 3+ treated dogs by day 90 (0.83±0. 19 ) and marked reduction in pain by day 150 (0.42±0.14) compared to day 0 (1.81±0.18). Placebo treated dogs showed no significant change in pain during the study (P>0.05).
*Denotes significantly different compared to pretreated values (P<0.05).
Figure 3:
Effects of placebo or Crominex 3+ (25 mg, bid) on pain after physical exertion in moderately arthritic dogs. Pain after physical exertion was graded on a scale of 0-4 (0, no pain; 1, mild pain; 2, moderate pain; 3, severe pain; and 4, severe and constant pain). Details of pain measurement criteria are described in the text and our previous publications [19] [20] [21] [22] [23] . Table 1 presents the data of physical parameters (body weight, heart rate and body temperature) of dogs receiving placebo or Crominex 3+ for a period of 150 days. Dogs in either group showed no significant change in any physical parameters during the course of this study. Table 2 show the serum values of biomarkers of kidney (BUN and creatinine), liver (bilirubin, ALT and AST) and heart and skeletal muscle (creatine kinase) functions in placebo or Crominex 3+ treated dogs. Neither placebo nor Crominex 3+ caused significant change (P>0.05) in any biomarkers at any time during this investigation.
Data presented in
Discussion
Among all domestic animal species, canines suffer more frequently than any other species by this chronic-crippling joint/cartilage degenerative disease due to multiple factors, such as over exercise or lack of exercise, injury, poor nutrition, obesity and genetic predisposition. In the recent past, we evaluated anti-arthritic efficacy and safety of several nutraceuticals, including glucosamine and chondroitin in osteoarthritic dogs [19] [20] [21] [22] . The present investigation for the first time evaluated the therapeutic efficacy, safety and tolerability of a potential nutraceutical Crominex 3+ in moderately arthritic dogs. Daily oral administration of Crominex 3+ (25 mg, bid) for a period of 150 days significantly (P<0.05) reduced arthritic pain in all three categories (overall pain, pain from limb manipulation and pain after physical exertion). Significant pain reduction was noted as early as after 90 days, but maximum pain reduction occurred after 150 days of treatment (Figures 1-3 ). Dogs were able to walk, run, jump on the bed or in cars, or climb steep stairways, and became more energetic and playful. Dogs receiving Crominex 3+ exhibited no signs of any side effects and no significant change occurred in physical parameters (body weight, heart rate or body temperature). Values of serum biomarkers of kidney (BUN and creatinine), liver (bilirubin, ALT, and AST) or heart and skeletal muscle (creatine kinase) functions remained significantly unchanged (Table 1 and Table 2 ).
Crominex 3+, a complex of trivalent chromium, Phyllanthus emblica extract, and purified Shilajit, is indicated as an analgesic, but exerts additional beneficial effects by maintaining normal cellular functions, including glucose transport, lipid and triglyceride levels and enhanced cellular energy production. Use of trivalent chromium in type 2 diabetic patients (especially insulin resistant) has become more common because its mechanism of action for anti-hyperglycemic effect is well explained at molecular level [48, 49] and it has been found successful in clinical trials [50] . In addition to alleviating insulin resistance, the potential effect of chromium in regulating oxidative stress and inflammation has been addressed [51] . By attenuating oxidative stress and inflammation, chromium in Crominex 3+ might have exerted anti-arthritic effects in dogs.
Phyllanthus emblica extract is a super antioxidant derived from edible fruits and has an ORAC FN value of 47,000 µmoles TE/g (TE = Trolox Equivalent). It has been found that the antioxidant properties are due to the presence of low molecular weight hydrolysable tannoids, which produce stable vitamin C like effects without the pro-oxidant effects found in ascorbic acid. The main tannoids of Amla extract are Emblicanin A, Emblicanin B, Pedunculagin, and Punigluconin.
By having many herbo-minerals and bioactive principles, such as humic acid (low molecular weight substances like phenolic acids, anti-oxidants and free radical scavengers) and dibenzo-α-pyrones (DBPs), DBP-chromoproteins and fulvic acids with DBP core, Shilajit is known to exert multiple pharmacological actions by having antibacterial, anti-arthritic, antiulcerogenic, anti-hyperglycemic, immunomodulatory, anti-inflammatory, anti-radical, spermatogenic and ovogenic, anti-aging and energetic properties [52] [53] [54] [55] [56] [57] . Shilajit has been used for both preventative health and for treating many diseases (such as allergies, diabetes, hypertension, loss of memory, immune dysfunction, arthritis, loss of libido, etc) for more than 3000 years. In a recent investigation, Lawley et al. [23] demonstrated that daily administration of purified Shilajit (500 mg, bid) for a period of five months provided anti-inflammatory and anti-arthritic effects in moderately arthritic dogs without producing any side effects.
Both Shilajit and Amla extract have strong antioxidant and anti-inflammatory properties [53, 58] . Since osteoarthritic pain is associated with inflammation and oxidative stress, anti-inflammatory and anti-oxidative effects of chromium, Shilajit and Amla extract might be the major mechanisms by which Crominex 3+ ameliorated the pain in dogs. Shilajit is also known to boost the immune system (by increasing the number of T cells), promote healing of bone fractures, increase muscle mass, strength and endurance and is considered a rejuvenator, anti-aging compound and adaptogen. Of course, additional effects of Amla extract and Shilajit against arthritis in dogs can be due to unexplained mechanisms at this time.
Taken all findings into consideration, it can be concluded that daily administration of Crominex 3+ (25 mg, bid) significantly ameliorated pain in moderately arthritic dogs, without producing any observable untoward event. All dogs receiving Crominex 3+ responded positively as they became more energetic and playful. Furthermore, there was no significant change in physical parameters or serum biomarkers of liver, kidney and heart and skeletal muscle functions, suggesting that Crominex 3+ was safe and well tolerated by arthritic dogs. Thus, Crominex 3+ appears to be a very promising choice for the management and treatment of osteoarthritis in dogs.
